Abstract. Short-term embryo-larval, limb development, and a battery of toxicity identification studies using sediment and water collected from selected ponds found that developmentally toxic samples contained elevated levels of petroleum hydrocarbons and As, Cu, Pb, Cr, Cd, Hg, Fe, and Zn. Sediments spiked with diesel fuel or metals confirmed that the levels of petroleum hydrocarbons and metals found in the sediment were capable of inducing developmental toxicity individually. However, joint mixture interaction studies indicated that the metals and petroleum hydrocarbons acted synergistically. To more rigorously evaluate exposure pathways and the effects induced, chronic laboratory-based microcosm experiments were performed using B. marinus from early embryo to metamorphosis. Results from these microcosm studies indicated that reasonably consistent frequencies of malformations were induced by exposure to contaminated media samples from four contaminated sites compared with frequencies found in field-collected specimens. The frequencies of specific types of deformities in newly metamorphosed organisms from the microcosm studies and in free-roaming field-collected specimens were also similar. Exposure to contaminated media from three of the four sites decreased the frequency of metamorphic completion and at one site reduced the metamorphic rate, compared to exposure to laboratory controls or reference media. Elevated whole body petroleum hydrocarbons and metals tissue residues were detected in organisms from the laboratory microcosms, as well as in the free-roaming specimens collected. To evaluate the impact of maternal contaminant transfer as an exposure route, cross-over exposure studies in which reference organisms were raised, from embryos through metamorphosis, in contaminated media and organisms from a contaminated site were cultured in reference media were conducted. Results from these studies indicated that environmental exposure and maternal toxicant transfer were the potential exposure routes. Overall, the present studies suggested the petroleum hydrocarbons and metals that accumulated in B. marinus during development in microcosms corresponded with increased frequencies of malformation.
Introduction
Based on the life history traits of amphibians, likelihood of exposure to various chemical stressors is high, making them an ideal model for evaluating exposure. In some cases, amphibians also provide a critical link to identifying potential hazards for other animals (Fort et al., 1999a; 1999b; 2006) . To evaluate risk potential, we examined ecological significance and causality. Understanding ecological significance required establishing a large-scale effect of a stressor or stressors on a local population. In general, causality was evaluated by demonstrating exposure, toxicity in the field and laboratory, and a mechanistic connection between exposure and effect.
The Bermuda Amphibian Project (BAP) was initiated in response to local concerns that the populations of Bermuda's amphibians were declining. Overall, the BAP includes an amphibian field-monitoring program, amphibian-based ecological hazard assessment, assessment of potential impacts on other wildlife, epidemiology, and public education. Components of the ecological hazard assessment include exposure assessment, causality analysis, and population impact modeling. Prior to 1994, three species of amphibians, introduced in the late 1880's, were known to inhabit Bermuda. Presently, however, it appears that the whistling frog, Eleutherodactylus gossei, has become locally extinct and there is evidence of a decline in the cane toad (Bufo marinus) populations The most recent problem discovered in amphibians is the high incidence of deformities in Bermuda's mature and newly metamorphosed toad populations (Bacon et al., 2006) .
In an effort to assess potential ecological hazards to amphibian species from selected sites within Bermuda, a detailed field survey (Bacon et al., 2006) and causality assessment were performed. The causality assessment included toxicity identification (TIE) studies (Fort et al., 2006) , laboratory microcosm studies (LMS), sediment and tissue residue analyses, and media cross-over exposure studies to evaluate exposure pathways.
Materials and Methods

Materials
Laboratory culture media (FETAX solution) salts were obtained from Fisher Scientific (Houston, TX, USA). All other chemicals and biochemicals were obtained from the Sigma Chemical Company (St. Louis, MO, USA).
B. marinus egg masses from the test and reference sites were collected at c. Gosner stage 4 (Gosner, 1960) and dispatched to the laboratory at 18-21
• C. The estimated time eggs spent in situ was 4 h. Egg masses were cultured in respective site waters at 21
• ± 1 • C until used for experimentation. The eggs were c. Gosner stage 14 upon initiation of the microcosm treatments (small-scale simulation of test sites performed in the laboratory).
